Background: Hemoglobin A1c (HbA1c) was adopted as a new standard criterion for diagnosing diabetes. We investigated the diagnostic utility of HbA1c by comparing the 2003 American Diabetes Association (ADA) diagnostic criteria of diabetes with HbA1c of 6.5%. Furthermore, the cut-off value for HbA1c was investigated using receiver operating characteristic curves.
in Korea because of a change in life style and the westernization of eating habits. 1) In particular, at least 4-7 years passes before type 2 diabetes gets clinically diagnosed, 2) and 25% of diabetes patients are considered to have microvascular complications such as diabetic nephropathy, diabetic retinopathy, or diabetic neuropathy. 3, 4) Since strict plasma glucose management from the early stage of diagnosis is important in preventing complications of diabetes, it is necessary to have adequate treatment immediately aft er the early diagnosis. 
INTRODUCTION
The prevalence of type 2 diabetes is constantly increasing
Korean J Fam Med diagnostic criteria and hemoglobin A1c (HbA1c) was added to it as a diagnostic method of type 2 diabetes. 7, 8) HbA1c displays high reproducibility compared with the FPG or OGTT, reflects the plasma glucose control condition for the most recent 2-3 month period, and off ers the advantage of not needing to fast at the time of the test. In addition, HbA1c is also known as a bett er predictive factor for diabetic retinopathy and cardiovascular disease. 9, 10) Even though some reports suggest that HbA1c is useful in diagnosing diabetes, 5, [9] [10] [11] other reports show that diagnostic usefulness is low because of the reduced sensitivity. 12, 13) Therefore, there is a controversy over whether HbA1c is useful as diagnostic criterion of diabetes. In addition, there are few researches which investigate whether any changes occur in the diagnostic aspect of diabetes in
Koreans by adding HbA1c to the previous diagnostic criteria.
Th erefore, the fi rst purpose of this study was to examine the were also excluded from this study because of the possible infl uence of all these factors on HbA1c and insulin. 
Measurements

Definition
The 
Statistical Analysis
We expressed continuous variables as mean ± standard deviation (SD), and categorical variables as percentages. Receiver operating characteristic curves were generated to calculate sensitivity and specificity of HbA1c cut-off points for diabetes diagnosis. Th e kappa-coeffi cients were used to test the agreement between HbA1c and blood glucose concentration (that is, FPG and two hour plasma glucose during OGTT ).
Spearman's correlation analysis was used to investigate the association of blood glucose concentrations with HbA1c and metabolic risk factors adjusted for age and sex. For statistical analysis, SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used.
Signifi cance was defi ned as P < 0.05.
RESULTS
The average age of the participants was 49.8 ± 10.5 years.
There were 167 males (74.5%), and 57 females (25.5%). The average BMI was 25.4 ± 2.9 kg/m 2 ( Table 1 ). The optimal threshold of HbA1c in identifying type 2 diabetes was 6.45%, with a sensitivity of 73.3%, specificity of Values are presented as number (%).
HbA1c: hemoglobin A1c, IGT: impaired glucose tolerance, IFG: impaired fasting glucose.
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88.2%, positive predictive value of 99.3%, and negative predictive value of 23.2% (Figure 1 ).
Spearman's correlation coeffi cients of blood glucose concentrations with HbA1c and metabolic risk factors are shown in Table   3 . Spearman's correlation coefficient of HbA1c with FPG and with 2-hour plasma glucose were similar (0.82, P < 0.01 and 0.78, P < 0.01, respectively) and that between FPG and 2-hour plasma glucose was 0.82 (P < 0.01) ( Table 3) In a recent study of the residents of Qingdao, China, HbA1c diagnosed only 30% of the diabetes diagnosed by OGTT , 17) and the Rancho Bernado study also showed that the sensitivity of HbA1c was lower compared with that of OGTT. 18) Therefore, the results of this study and the previous studies suggest that diagnosing diabetes only through the HbA1c criterion is not recommended because there is the possibility that the prevalence of diabetes may be underestimated by using just HbA1c criterion.
In a situation where the prevalence of diabetes is increasing, as seen in Korea, diagnosing diabetes only through the HbA1c criterion may delay the early diagnosis of diabetes, which results in a diff erent treatment goal for cardiovascular risk factors such as cholesterol, triglyceride, and blood pressure, and the frequency of complications of diabetes is expected to increase. Therefore, diabetes should be diagnosed with HbA1c and plasma glucose together.
When subjects were classified into normal, pre-diabetes and diabetes according to the criteria of plasma glucose and HbA1c respectively, 90.7% of diabetic subjects by HbA1c were also diabetic by OGTT, but 9.3% of them were pre-diabetic by just OGTT. Only 56.2% of HbA1c assessed pre-diabetic subjects were pre-diabetic by OGTT , and only 23.8% of HbA1c assessed normal subjects were normal by OGTT, indicating that the concordance rate of HbA1c and OGTT diagnosis was 69.6%. OGTT missed 9.3% of the diabetic subjects detected by
HbA1c, but HbA1c missed 26.5% of diabetic subjects detected by OGTT . Th is diff erence in diagnostic methods is presumed to refl ect the diff erent physiological aspects of plasma glucose. 14) It is thought that a prospective cohort study is needed to investigate whether there is any difference in the incidence rate of diabetic complications depending on diagnostic methods.
Until now, Korean reports showed various cut-off values (5.3-6.4%) of HbA1c for diagnosing diabetes. [19] [20] [21] [22] [23] Bae et al. 20) conducted the OGTT on 1,482 subjects not yet diagnosed with diabetes, and reported that the cut-off value of HbA1c was 5.95%
(sensitivity, 60.8%; specificity, 85.6%). Kim et al. 24) conducted the OGTT on 392 persons who had IFG or were in the high risk group, and reported that the cut-off value of HbA1c was 6.1% (sensitivity, 81.8%; specifi city, 84.9%). Th e cut-off value of HbA1c in this study was 6.45%. Th e reason why the cut-off value of HbA1c was reported diff erently in these studies was most likely due to differences in the subjects' age, method of recruitment, gold standard for diagnosis of diabetes, and risk factors such as obesity. 25) The study for the proper cut-off value of HbA1c for diagnosing diabetes should be conducted among representative
Korean people such as Korean NHANES (KNHANES).
In this study, HbA1c showed significant relationships with metabolic risk factors, including systolic blood pressure, diastolic blood pressure, triglyceride, total cholesterol, and HOMA-IR, but the degree of these relationships was not very high (Spearman's correlation coeffi cient of 0.2). Th e relationship of metabolic risk factors with FPG or with 2-hour plasma glucose was similar to that with HbA1c. Th is result supports the observation that HbA1c
and cardiovascular risk factors have a significant relationship, 26) and it corresponds with previous reports showing that HbA1c is superior or similar to FPG or 2-hour plasma glucose in predicting death rate from cardiovascular disease. 10, 27) Lorenzo et al. 28) conducted OGTT and examined the association of HbA1c with FPG, 2-hour plasma glucose, and metabolism risk factors on 385 adults who had IGT, IFG or HbA1c of 5.7-6.4%. Th ey showed that HbA1c had lower correlation coefficients with metabolic risk factors than with FPG or 2-hour plasma glucose. It is diffi cult to directly compare our study with theirs because their research was limited to subjects with HbA1c of 5.7-6.4%. In this study, a negative correlation of HbA1c with systolic blood pressure and diastolic blood pressure was found. 29) We believe this was because factors such as anti-hypertensive medication were not adjusted.
Further research should be done aft er adjusting such factors.
Th ere were a few limitations to this study. First, the prevalence of diabetes was relatively high because this study was conducted on the high risk group with FPG ≥ 100 mg/dL, and it was diffi cult to generalize the results of this study since the analysis was done on a relatively small number of subjects. However, considering that the OGTT was conducted mainly on subjects with high FPG, it would be appropriate for the results of this study to be applied clinically. Second, this study was done on only 224 subjects in whom 75 g OGTT was undertaken out of 1,825 persons with FPG ≥ 100 mg/dL. An analysis of the diff erence in metabolic risk factors was not conducted. Th ird, FPG or random plasma glucose should be measured twice or more on diff erent days at the time of diagnosis diabetes, but in this study diagnosis of diabetes was done by conducting OGTT once. However, this study has an advantage that it examined the diagnostic usefulness of HbA1c by comparing HbA1c, a new diagnostic criterion for diabetes, with
OGTT .
In conclusion, HbA1c in the high risk group of diabetes with increased FPG underestimated the prevalence of diabetes, but showed moderate agreement with 2003 ADA criteria. The appropriate cut-off value of HbA1c was 6.45%, which was similar to the recommended diagnostic criterion of HbA1c by 2009 ADA.
